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(54) CONVERTER 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an efficient and compact DC-DC converter 
which can be insulated in terms of AC even without a transformer. 
SOLUTION: A first switch Q1 and a second switch Q2 are connected in series and a 
rectification smoothing circuit 10 for rectifying and smoothing the output of a DC-AC 
conversion circuit 9 via connection paths 24 and 25 is provided at the output side of 
the DC- AC conversion circuit 9 where the switches Q1 and Q2 alternately perform 
zero-cross switching while sandwiching a dead time to constitute a converter. An 
inductor L1 is provided at a connection path 24 and AC insulation capacitors C2 an C3 
for eliminating DC components are provided at all connection paths 24 and 25 for 
connecting the DC-AC conversion circuit 9 and the DC smoothing circuit 10, thus 
insulating AC by AC insulation capacitors C2 and C3 even without providing a 
transformer. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The converter characterized by for the 1st upstream switch and the 2nd upstream switch being the converters equipped with 
the DC-AC conversion circuit which performs zero cross switching operation by turns on both sides of a DETTO time, and the 
rectification smoothing circuit which carries out rectification smooth [ of the output of this DC-AC conversion circuit ], and forming 
AC insulation capacitor for dc-component removal in all the connection paths that connect said DC-AC conversion circuit and 
rectification smoothing circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the converter used for switching power supplies, such as a personal computer, etc. 
[0002] 

[Description of the Prior Art] The converter of a forward type is widely used for switching power supply, and an example of the 
circuitry of this kind of converter is shown in drawing 10. As shown in this drawing, this kind of converter has the transformer 4 which 
has a core 1, a primary coil 2, and a secondary coil 3, makes a drive circuit the circuit 13 of the upstream of this transformer 4, and 
makes the secondary circuit 14 the output circuit. The power source which performs circuit actuation was connected to the coil 13 
side of the upstream, the switch 1 1 which performs switching operation is formed, and the inductor 23 formed with the choke coil etc. 
is formed in the secondary circuit 14. In addition, 20 and 21 show diode among drawing and 22 shows the capacitor. 
[0003] In this kind of converter, the direct current voltage Vin inputted from the power source is changed into alternating voltage by 
the switching operation of a switch 11, and it is inputted into the secondary circuit 14. Thus, the so-called AC insulation which 
restricts the energy which performs dc-component removal and is supplied to the secondary circuit 14 even if abnormal voltage occurs 
in the circuit 13 side of the upstream so that [ in order that the input to the secondary circuit 14 may prevent a fire and the risk of 
electrification in the switching power supply of AC input, for example, ] destruction of the components of the secondary circuit 14 etc. 
may not break out with the abnormal voltage is required. Then, conventionally, a transformer 4 is formed as mentioned above and AC 
insulation is performed. In addition, it has the electrical-potential-difference conversion function to change the magnitude of an 
electrical potential difference other than AC insulation into a transformer 4. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it has the core 1, the primary coil 2, and the secondary coil 3, since the 
miniaturization of a core 1 is difficult, a transformer 4 becomes large-sized components, and a transformer 4 is hundreds of kHz 
especially. Even if it high-frequency-ized the switching frequency then, since the miniaturization of a transformer 4 was not able to be 
performed, it had the problem of also enlarging a converter. 

[0005] Moreover, since an eddy current arose by the field which loss produces to a converter and is especially produced by building a 
transformer 4 into a circuit between the core 1 of a transformer 4. and a primary coil 2 and the conductor of secondary-coil 3 grade, 
there was also a problem that effectiveness will fall by the eddy current loss of this eddy current. 

[0006] Even if this invention is made in order to solve the above-mentioned conventional technical problem, and a transformer is not 
used for it it can perform AC insulation with the drive circuit of the upstream, and a secondary output circuit and offering, a small 
small capacitor has loss. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is made into The means for solving a 
technical problem by the following configurations. That is, the 1st upstream switch and the 2nd upstream switch are the converters 
equipped with the DC-AC conversion circuit which performs zero cross switching operation by turns on both sides of a DETTO time, 
and the rectification smoothing circuit which carries out rectification smooth [ of the output.of this.DC-AC conversion circuit], and 
this invention is constituted considering AC insulation capacitor for dc-component removal being formed in all the connection paths 
that connect said DC-AC conversion circuit and rectification smoothing circuit as a description. 

[0008] In this invention of the above-mentioned configuration, since AC insulation capacitor for dc-component removal is,formed in all 
the connection paths that connect the DC-AC conversion circuit and rectification smoothing circuit of the upstream, AG insulation of 
a DC-AC conversion circuit and the rectification smoothing circuit is carried out by AC insulation capacitor. Therefore, it is not 
necessary to form a transformer like the conventional converter and to carry out AC insulation of the drive circuit of the upstream, 
and the secondary output circuit, and the circuit which omitted the transformer is formed. And by omitting a transformer,- it becomes 
possible to control the loss produced by forming a transformer, and enlargement of equipment and the above-mentioned technical 
problem that a small converter with small loss is offered is solved. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a drawing. The circuitry of the 
1st example of an operation gestalt of the converter concerning this invention is shown in drawing. 1 . In this drawing between input DC 
power supply 12 and the upstream gland (GND) 15 The 1st switch Q1 as 1st upstream switch and the 2nd switch Q2 as 2nd upstream 
switch are connected to the serial. Between the drain sources of the 1st switch Q1, diode D1 and a resonant capacitor C1 are 
connected to juxtaposition, respectively, and diode D2 is connected to juxtaposition between the drain sources of the 2nd switch Q2. In 
addition, the 1st and 2nd switch Q1 and Q2 is formed for example, of the high Poral transistor etc. 

[0010] The control circuit 8 is connected to the gate side of the 1st and 2nd switch Q1 and Q2. Moreover, by this control circuit 8 For 
example, by applying Q1 drive electrical potential difference of pulse shape as shown in drawing 3 to the 1st switch Q1. and applying 
Q2 drive electrical potential difference to the 2nd switch Q2 The 1st switch Q1 and 2nd switch Q2 are made to perform zero cross 
switching operation by turns on both sides of a DETTO time (DT). The DC-AC conversion circuit 9 which functions as a drive circuit of 
this example of an operation gestalt is constituted by the above circuit 
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[0011] The rectification smoothing circuit 10 which carries out rectification smooth [ of the output of this DC-AC conversion circuit 
9 ] is connected to the output side of this DC-AC conversion circuit 9 through connection paths 24 and 25, and this rectification 
smoothing circuit 10 is constituted from this example of an operation gestalt by the voltage doubler rectifier circuit of the common 
knowledge equipped with diodes D3 and D4 and Capacitors C4. C5. and Cf. 

[0012] Said connection path 24 is interposed between the middle point of the 1st switch Q1 and the 2nd switch Q2, and the input 
terminal 18 of the rectification smoothing circuit 10. and AC insulation capacitor C2 for dc-component removal is connected to an 
inductor L1 and a serial, and it is prepared in this connection path. Moreover, said connection path 25 has connected the gland 15 of 
the upstream, and the input terminal 19 of the rectification smoothing circuit 10. and the same AC insulation capacitor C3 for dc- 
component removal as a connection path 24 is formed in the connection path 25. 

[0013] Each AC insulation capacitors C2 and C3 are formed by the ceramic condenser etc., and when AC input by the side of the 
rectification smoothing circuit 10 is a 100 V input, they are accomplished with about 1500v pressure-proofing, respectively, this proof- 
pressure capacity — Electrical Appliance and Material Control Law and UL — the specification of law is clearable. 
[0014] Between the output terminal 17 of a capacitor, and the gland 16, loads R1 and R2 are connected to the serial, and the middle 
point and said control circuit 8 of these loads R1 and R2 are connected at the output side of the rectification smoothing circuit 10. A 
control circuit 8 is output voltage Vout by the value of loads R1 and R2. It detects and is this electrical potential difference Vout. When 
it falls, it carries out enlarging upstream generating pulse width of each drive electrical potential difference of the 1st and 2nd switch 
Q1 and Q2 etc., and stabilization control of a circuit is performed. 

[0015] Moreover, various control of duty control (for example, an output becomes the largest at the time of t/T=D(duty) =0.5 shown in 
drawing 2 ), frequency control (an output becomes large, so that the frequency of the drive electrical potential difference of the 1st 
and 2nd switch is low), control (an output becomes large, so that L1 is large) according control of this converter to an inductor 
(variable inductor) L1, etc. is enabled by the control circuit 8. 

[0016] This example of an operation gestalt is constituted as mentioned above, and is explained about the actuation based on the 
timing diagram shown in (a) and drawing 3 of drawing 2 and drawing 4 , and 5 below. In addition, the. circuitry, of this .example, of an 
operation gestalt is shown by the equal circuit and AC insulation capacitors C2 and C3 and the capacitors C4 and C5 which are used 
for this example of an operation gestalt have a large capacity, and at the time of a stationary, assuming that it hardly changes, a 
capacitor both-ends electrical potential difference transposes to DC power supplies VC2, VC3, VC4, and VC5, respectively, and is 
shown in drawing 4 and 5. 

[001 7] First, if it applies to tl from tO of drawing 3 , as shown in (a) of drawing 4 R> 4, the 1st switch Q1 is OFF, the 2nd switch Q2 is 
in the condition of ON, at this time, diode D3 serves as ON and diode D4 serves as OFF. Therefore, a current IL.1 begins to flow in this 
circuit in the path of Vin->Q2 ->L1 ->VC2 ->VC4 ->VC3, and increases to it linearly according to the degree type (1), and it becomes 
max just before the 2nd switch Q2 turns off. 
[0018] 

IL1= (Vin-VC2-VC4-VC3) and t/L1 (1) 

[0019] Next, at the time of t1 to t2 of drawing 3 , a circuit will be in the condition which shows in (b) of drawing 4 , the 2nd switch Q2 
and 1st switch Q1 become [ both ] off, at this time, diode D3 serves as ON and diode D4 serves as OFF. Such in the condition, in order 
that an inductor L1 and a resonant capacitor C1 may carry out LC resonance, thecharge which was being accumulated in the resonant 
capacitor C1 is drawn out, and the drain electrical potential difference of the 1st switch Q1 falls. 

[0020] And said inductor LI If the drain electrical potential difference of the 1st switch Q1 becomes less than [ 0V ] by LC resonance 
of a resonant capacitor C1 as shown in t2 of drawing 3 , as shown in (c) of drawing. 4 , the diode D1 connected to the 1st switch Q1 
and juxtaposition will flow. And when the drain electrical potential difference of the 1 st* switch Q1 is 0V; null' voltage' switching (zero 
cross switching) actuation is attained by setting the 1st switch Q1 to ON. If it applies to t3 from t2 of drawing 3 , a current IL 1 
decreases linearly according to a degree type (2). 
[0021] 

IL1=IL1(t2)- (VC2+VC4+VC3) and t/LI (2) 

[0022] Next, the 1st switch Q1 serves as ON by t3 of drawing 3 , the 2nd switch Q2.will be. in the- condition. which-shows a circuit in (a) 
of drawing 5 at the time of OFF, diode D3 serves as OFF and diode 4 serves as- ON*. Therefore, it begins to flow in the path of VC2 — 
>L1 ->Q1 ->VC3 ->VC5 ->D4 ->VC2, the current of the time of the condition of (a) of drawing 4 and hard flow flows according to a 
degree type (3), and the current of this reverse sense increases a current IL 1 linearly. 
[0023] 

IL1=- (VC2+VC3-VC3) and t/L1 (3) 

[0024] Next, if the 1st switch Q1 serves as OFF by t4 of drawing 3 , 1st a switch Q1 and 2nd. switching. [-Q2.]. become. [ both ] off [ t4_ 
to t5 ], at this time, as shown in (b) of drawing 5 R> 5, diode D3 serves as OFF and diode D4 serves as ON. And-a- charge is 
accumulated in a resonant capacitor C1, and as shown in drawing 3 , thereby, the drain electrical potential difference of the 1st switch 
Q1 rises, because an inductor L1 and a resonant capacitor C1 carry out LC resonance. 

[0025] and LC resonance with said inductor L1 and resonant capacitor C1 — the drain electrical potential difference of the 1st switch 
Q1 — more than the input voltage Vin — becoming (t5 of this drawing) — as shown in (c) of drawing 5 , the 2nd switch Q2 and the 
diode D2 of juxtaposition flow. And null voltage switching can be attained by turning on the 2nd. switch Q2. at this period. At this time, a 
current IL 1 decreases linearly according to a degree type (4), and the current of diode D4 also decreases. 
[0026] 

IL1=IL1(t5)+ (Vin+VC5-VC2-VC3) and t/L1 (4) 

[0027] And the operating state of a circuit is the output voltage Vout to which is followed in tO of drawing 3 at an initial state, and 
return and the above operating cycles are repeatedly performed, and are outputted by such actuation from an output terminal 17. It 
becomes the sum of VC4 and VC5. Moreover, although not illustrated by drawing 3 , as the drain electrical potential difference of the 
2nd switch Q2 in this circuit is shown in (a) of drawing 2 , it becomes the gate voltage (drive electrical potential difference) of the 1st 
switch Q1, and the pulse shape of the reverse sense, and the current of a resonant capacitor C1 is also set to (a) of this drawing. 
[0028] According to this example of an operation gestalt. even if it does not form a transformer like the conventional switching power 
supply circuit as mentioned above by having formed AC insulation capacitors C2 and C3 for dc-component removal in all the 
connection circuits 24 and 25 of the DC-AC conversion circuit 9 and the rectification smoothing circuit 10, AC insulation with the DC- 
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AC conversion circuit 9 which is a drive circuit of the upstream, and the rectification smoothing circuit 10 which is an output circuit 
can be performed. 

[0029] Therefore, it becomes possible to control and can make into efficient small DC-DC KONTA to enlarge equipment by forming a 
transformer 4 like the conventional converter which formed the transformer 4. or for loss to become large by eddy current loss etc. 
[0030] and When the 1st switch Q1 and 2nd switch Q2 form AC insulation capacitors C2 and C3 in the connection paths 24 and 25 of 
the DC-AC conversion circuit 9 which performs zero cross switching operation by turns on both sides of a DETTO time, and the 
rectification smoothing circuit 10 and constitute the circuit of a converter There are no noise and loss which are generated when the 
1st and 2nd switch Q1 and Q2 turns on. By the voltage doubter rectifier circuit, a voltage output is efficiently possible and the very 
efficient outstanding converter without loss by the transformer 4 can consist of omitting the transformer 4 which was indispensable to 
the conventional circuit moreover. 

[0031] The circuitry of the 2nd example of an operation gestalt of the capacitor concerning this invention is shown in drawing 6 , and 
the same sign is given to the same name part as the example of an operation gestalt of the above 1st in this drawing. The 
characteristic thing which this example of an operation gestalt differs from the example of a gestalt of the above 1st is having formed 
the rectification smoothing circuit 10 by the well-known bridge diode circuit which performs full wave rectification, and this bridge diode 
circuit has diodes D3, D4, D5, and D6 and Capacitor Cf, and is constituted. In addition, in this example of an operation gestalt, since the 
configuration except having formed the rectification smoothing circuit 10 by the bridge diode circuit is the same as that of the above 
1st, the duplication explanation is omitted. 

[0032] This example of an operation gestalt is constituted as mentioned above, and it also sets for this example of an operation gestalt. 
By having formed AC insulation capacitors C2 and C3 like the example of an operation gestalt of the above 1st, respectively to all the 
connection paths 24 and 25 that connect the DC-AC conversion circuit 9 and the rectification smoothing circuit 10 It becomes 
possible to omit the transformer 4 in the conventional circuit, and the same effectiveness as the example of an operation gestalt of the 
above 1st can be done so. 

[0033] In addition, each drive electrical potential difference of the 1st and 2nd switch [ in / in drawing 7 / this example of an operation 
gestalt ] Q1 and Q2, As the timing diagram of each current of the drain electrical potential difference of the 1st switch Q1, an inductor 
LI, diodes D3 and D4, and a resonant capacitor CI is shown and it is shown in this drawing In this converter, by control of a control 
circuit 8, the same zero cross switching operation as the example of an operation gestalt of the above. 1st is performed, bridge diode 
circuit actuation by the rectification smoothing circuit 10 is performed, and full wave rectification is performed. 

[0034] The circuitry of the 3rd example of an operation gestalt of the capacitor concerning this invention is shown in drawing 8 , and 
the same sign is given to the same name part as the above 1st and the 2nd example of an operation gestalt also in this drawing. The 
characteristic thing which this example of an operation gestalt differs from the above 1st and the 2nd example of an operation gestalt 
is having formed the rectification smoothing circuit 10 by the well-known half wave rectifier circuit which has diodes D3 and D4 and 
Capacitor Cf. 

[0035] Like the above 1st and the 2nd example of an operation gestalt, like the above 1st and the 2nd example of an operation gestalt, 
it becomes possible to omit a transformer 4 and the same effectiveness can be done so by having formed AC insulation converters C2 
and C3 also in this example of an operation gestalt, respectively to all the connection paths 24 and 25 that connect the DC-AC 
conversion circuit 9 and the rectification smoothing circuit 10. 

[0036] In addition, the timing diagram of each current of the drive electrical potential difference of the 1st and 2nd switch Q1 and Q2 in 
this example of an operation gestalt, the drain electrical potential difference of a switch Q1, an inductor LI ..diode D3, and a resonant 
capacitor C1 is shown in drawing 9 , and actuation as shown in this timing diagram is performed to it in this example of an operation 
gestalt. 

[0037] In addition, this invention is not limited to the above-mentioned example of an operation gestalt and can take the mode of 
various operations. For example, although the DC-AC conversion circuit 9 connected with the- 1st switch Q1 and juxtaposition and 
formed the resonant capacitor CI, it may connect a resonant capacitor CI to the 2nd switch Q2 and juxtaposition, and may constitute 
the DC-AC conversion circuit 9 from an above-mentioned example of an operation gestalt. 

[0038] Moreover, although the inductor L1 was formed in the connection path 24 side, an inductor L1 is formed in a.connection path 25 
side, and you may make it connect it with AC insulation capacitor C3 in the above-mentioned-example- of an operation gestalt at a 
serial. 

[0039] Furthermore, although the input terminal 19 of the rectification smoothing circuit 10 was connected by the connection path 25 
the gland 15 side of the DC-AC conversion circuit 9 and AC insulation capacitor C3 was formed in this connection path 25 instead; the 
input terminal 19 of the rectification smoothing circuit 10 may be connected according to a connection path the input DC-power- 
supply 12 side of the DC-AC conversion circuit 9, AC insulation capacitor C3 may be formed in this connection path, and the circuit of 
a converter may consist of above-mentioned examples of an operation gestalt 

[0040] Furthermore, the capacity of AC insulation capacitors C2 and C3 formed in the connection paths 24 and 25 which connect the 
DC-AC conversion circuit 9 and the rectification smoothing circuit 10 like the above-mentioned example of an operation gestalt .is 
what is set up suitably. For example, when the capacity of AC insulation capacitors C2 and C3*is set up small, as shown in (b) of 
drawing 2 . although each current of an inductor L1 and diodes D3 and D4 comes to show the smooth waveform characteristic, it does 
so the same effectiveness as the above-mentioned example of an operation gestalt also in this case.. 

[0041] Furthermore, the rectification smoothing circuit 10 established in the converter of this invention should just be a circuit which 
does not necessarily restrict considering as a voltage doubler rectifier circuit like the above-mentioned example of an operation 
gestalt, a bridge diode circuit, and a half wave rectifier circuit, but carries out rectification smooth [ of the output of the DC-AC 
conversion circuit 9 ] besides these circuits. 
[0042] 

[Effect of the Invention] According to this invention, since AC insulation capacitor for dc-component removal is formed in all the 
connection paths that connect the DC-AC conversion circuit of the upstream for a drive, and the rectification smoothing circuit of an 
output side, by AC insulation capacitor, it becomes possible to perform AC insulation to a rectification smoothing circuit from a DC-AC 
conversion circuit and the transformer which was indispensable to the conventional converter can be omitted. Therefore, it becomes 
possible to control the loss by enlargement of the equipment by forming a transformer, the eddy current loss of a transformer, etc., and 
can consider as an efficient small converter. 
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[0043] And since the increment in the loss by controlling the loss generated when the 1st and 2nd upstream switch is turned on, 
respectively, and forming a transformer by the zero cross switching operation of a DC-AC conversion circuit can also be controlled 
according to this invention, the efficient outstanding small converter can be formed in a low noise. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuitry Fig. showing the 1st example of an operation gestalt of the converter concerning this invention. 
[Drawing 2] It is the timing diagram which shows the electrical potential difference and current which are added to each component in 
the example of an operation gestalt of the above 1st 

[Drawing 3] It is the explanatory view expanding and showing a part of timing diagram shown in (a) of drawing 2 . 
[Drawing 4] It is the explanatory view showing actuation of the example of an operation gestalt of the above 1st by the equal circuit 
[Drawing 5] It is the explanatory view following drawing 4 showing actuation of the example of an operation gestalt of the above 1st by 
the equal circuit 

[Drawing 6] It is the circuitry Fig. showing the 2nd example of an operation gestalt of the converter concerning this invention. 
[Drawing 7] It is the timing diagram which shows the electrical potential difference and current which are added to each component in 
the example of an operation gestalt of the above 2nd. 

[Drawing 8] It is the circuitry Fig. showing the 3rd example of an operation gestalt of the converter concerning this invention. 
[Drawing 9] It is the timing diagram which shows the electrical potential difference and current which are added to each component in 
the example of an operation gestalt of the above 3rd. 

[Drawing 10] It is the explanatory view showing an example of the circuitry of the converter for the conventional switching power 
supplies. 

[Description of Notations] 

8 Control Circuit 

9 DC-AC Conversion Circuit 

10 Rectification Smoothing Circuit 
Q1 The 1st switch 

Q2 The 2nd switch 

C2, C3 AC insulation capacitor 

LI Inductor 



[Translation done.] 
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